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 Abstract  
Malaysia faced the issues related to the increment of the housing price and 
the number of solid waste generated from the household. Glass constitutes 
a significant part of solid waste produced in the society. To overcome the 
problem statement, the objective of this study is to determine the optimum 
percentage of GDPC for the concrete mix, to investigate the compressive 
and tensile strength with concrete containing GDPC and to improve the 
strength of the concrete with GDPC by using steel fiber. Glass dusts were 
used as a partial cement replacement with percentages 10%, 20% and 40% 
and 40% + 2% of steel fiber as an additive. In this study, the analysis results are 
based on the XRF, compressive strength test and splitting tensile test. From 
the XRF result, the highest chemical content is silica oxide. It can be proved 
that, glass dust is a one of the siliceous material which is pozzolan. The highest 
result of the compression test showed on sample of 10% which is 47.10 MPa, 
while for splitting tensile test showed the highest strength on control sample 
which is 2.85 MPa. Based on the results, shows that cube specimens 
containing 10% of GDPC give the maximum compressive strength compare 
to other percentage. While cylinder specimens containing GDPC shows the 
value of strength, however still not achieve the actual strength of the control 
sample. From the analysis prove that the optimum percentage is 10% of 
GDPC as a partial cement replacement. For sample 40% of GDPC + 2% of 
steel fiber, the compression and splitting tensile test prove that the highest 
strength on control sample which is 40.90 MPa and 2.85 MPa respectively. 
Thus, steel fiber will be worst when mix with GDPC as an additive. 
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1.0  APPLICATION OF WASTE GLASS MATERIALS IN CONCRETE 
Concrete is the most widely used construction material due to its many 
advantages, such as low cost, availability of raw constituent materials, 
workability and its ability to be cast into many shapes, good fire resistance 
and durability. The many advantages of concrete are weighed against the 
severe energy consumption and pollution resulting from the manufacture of 
cement. It was reported that about 2.7 billion m³ of concrete was produced 
in 2002 worldwide, which is more than 0.4 m3 of concrete produced per 
person annually. It is expected that the demand for concrete will grow to 
approximately 18 billion tons (about 7.5 billion m3) a year by 2050 [1]. 
 Glass is one of the oldest man-made materials. It is produced in many 
forms, including packaging or container glass, flat glass, bulb glass, and 
cathode ray tube glass, all of which have a limited life in the forms in which 
they are produced [2]. Nowadays waste glass creates serious environmental 
problems. The current situation of discarding waste glass to landfills is also not 
offering an environmental friendly management for the waste glass, due to 
the non-biodegradable form of the waste glass [3].  
 Although in Malaysia have a few solid waste landfills to cater the 
production of the waste for several years. In the future, with the growth of 
development areas, these landfills no longer able to accommodate the 
amount of waste produced. Therefore, other initiatives are required in order 
to reduce solid waste and at the same time will give benefits to public and 
country. This study will be one of the initiatives to diversifying the use of the 
solid waste and also reduce the price of the raw construction material which 
is concrete. Glass dust as a partial cement replacement (GDPC) will be used 
from the glass bottles recycle. 
 The basic material in concrete consists of four main materials that are 
cement, coarse aggregate, fine aggregate and water. These four materials 
is very important in making a concrete. Previously, there are few researchers 
that have been study about the replacement one of the main materials 
used in concrete. Study from [2], stated that there is poor contact between 
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the cement matrix and the recycled glass being a partial replacement of 
fine aggregate. In [4] research said that the flexural strength and 
compressive strength of specimens with 20% waste glass content were 
10.99% and 4.23%, respectively, higher than those of the control specimen at 
28 days.  
 Study from [5], they use glass as a partial cement replacement in 
concrete containing recycled aggregate to determine the strength and 
durability. From the studies done by [6], it show that by addition waste glass 
sludge in concrete could be used as a means to improve the early strength 
of concrete, as well as to enhance the durability properties of concrete. The 
specimens achieve of occasion 360 days and the strength of the 
compressive is around 10 to 20%, glass dust concrete specimen condition still 
good glass comparable to the control concrete specimens as in [7]. 
 
2.0  METHODOLOGY 
The study focused on laboratory work and conduct experiments that have 
been determined. Methodologies involve aspects including preparation of 
materials, the research instrument and flow chart. The testing was 
conducted is compressive strength of cube and cylinder concrete. The 
dimension is 150mm diameter by 300mm height and for cubes is 150mm x 
150mm x 150mm to obtain tensile strength. 
 
2.1  RAW MATERIAL PREPARATION 
 
2.1.1  CEMENT 
The cement used for the investigation was the standards EN 552 Part 1: 1989. 
Ordinary Portland cement is commonly used in Malaysia and meets the 
requirements of BS 1881 (British Standards Institution, 1983) and it had the 
properties to act as a binder in the presence of water. 
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2.1.2  AGGREGATE 
The coarse aggregate used a size 30 % > 20mm. Fine aggregate was natural 
sand obtained and the size was used 70% < 20mm.  
 
2.1.3  WATER CEMENT RATIO 
Clean potable water was used for concreting, the water aided the hydration 
of cement, which resulted in setting and hardening of the concrete 
 
2.1.4  WASTE GLASS 
The waste glass was used in this research as a cement replacement in Figure 
1. The crush process of the waste glass by using Los Angeles Abrasion Testing 
to obtained a dust in Figure 2. The chemical properties of this glass dust are 
presented in Table 1. 
 
 
Figure 1: Waste glass. 
 
Figure 2: Glass dust. 
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2.2  TESTING ON CONCRETE 
 
2.2.1  X-RAY FLUORESCENCE  
The X-ray fluorescence analysis is conducted on an ARL 8400 apparatus to 
determine the chemical composition of cement and glass. The particle size 
distribution of these raw materials is measured by using a laser particle size 
analyzer (CILAS 920) and their specific surface by Blaine method. Figure 3 
and Figure 4 demonstrate the specimens for cement and glass dust. 
 
2.2.2  COMPRESSIVE STRENGTH 
The compressive strength is expressed by the power of concrete to resist 
destruction by the action of stresses due to the compression load. The total 
samples was conducted in this research was 27 specimens.  These specimens 
are tested by compression testing machine after 7 days curing or 28 days 
curing. 
 
2.2.3  SPLITTING TENSILE STRENGTH 
The splitting tensile strength test is used in the design of structural members to 
evaluate the shear resistance provided by concrete. These tests consist of 
applying a diameter compressive force along the length of a cylindrical 
concrete specimen at a rate that was within a prescribed range until failure 
occurs. This test conducted on 7 and 28 days of cylindrical foamed 
concrete. 
 
3.0  RESULTS AND DISCUSSION 
 
3.1  X-RAY FLUORESCENCE 
The chemical compositions of the raw materials determined by X-ray 
fluorescence are reported in Table 1. 
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Table 1: Chemical composition of raw materials. 
 
Parameter Glass Dust (%) Cement Portland (%) 
Silica Oxcide (SiO2) 
Calsium Oxcide (CaO) 
Natrium Oxcide (Na2O) 
Ferum Oxcide (Fe2O3) 
Kalium Oxcide (K2O) 
Barium Oxcide (BaO) 
Aluminium Oxcide (Al2O3) 
Sulfat Oxcide (SO3) 
Plumbum Oxcide (PbO) 
Magnesium Oxcide (MgO) 
51.60 
10.70 
7.67 
1.42 
0.73 
- 
2.22 
0.29 
- 
0.70 
15.00 
59.40 
- 
3.11 
0.32 
- 
2.94 
3.56 
- 
1.53 
 
Comparison of the results for the GD and Portland cement gives the large 
difference due to the chemical content. However, the observed silica oxide 
reported by the portable device at 51.60% is good above the expected 
levels. In addition, CaO, Fe2O3, K2O, Al2O3, SO3, MgO contents are slightly 
higher than GD. Nevertheless, Na2O only can be obtained from GD, where 
the results shows 7.67%. 
 In agreement with ASTM C618, the good pozzolan should be 
exceeded 50% the contest of  SiO2 + Al2O3 +  Fe2O3. Based on Table 4, it 
can be seen that the GD had a good pozzolan, it was due to the sum of SiO2 
+ Al2O3 +  Fe2O3 is 55.24%. Further, GD samples present satisfactory 
chemical composition. It can be classified as Class C (artificial pozzolan).  
 
3.2  COMPRESSIVE STRENGTH 
The compressive strength test results displayed in Table 2 and Fig. 3 shows 
that GDPC had effect on the compressive strength of concrete. 
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Table 2: Compressive strength in concrete 
(MPa). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Compressive strength development in concrete. 
 
Figure 3 demonstrate the relationship of compressive strength of concrete 
cube and percentage of GDPC. From the graph, concrete containing 10% 
of GDPC rose drastically at 7 and 28 days, it is clearly observed that the 
strength increase due to the increasing of curing time. At 7 days, the curve 
illustrate the highest compressive strength at 10% about 36.90 MPa while 20% 
and 40% of GDPC show the lowest compressive strength of 27.10 MPa and 
21.40 MPa respectively.  The compressive strength at 28 days recorded the 
concrete containing 10% of GDPC increased significantly with 47.10 MPa. 
However, compressive strength for 20% and 40% proved that for higher 
percentage of GDPC produce lowest strength of concrete about 37.60 MPa 
and 27.10 MPa respectively. Meanwhile, control samples recorded lowest 
strength than 10% of GDPC at 7 and 28 days. These results proved that 20% 
and 40% GDPC are not for the cement replacement. Thus, 10% GDPC is 
suitable percentage for mix concrete. In addition, the compressive strength 
of 10% was undergoing a pozzolanic rection.  Fig. 4 shows the similarity 
Percentage of 
GDPC (%) 
Age Compressive 
Strength (MPa) 
 0 7 31.50 
28 4.090 
10 7 36.90 
28 47.10 
20 7 27.10 
28 37.60 
40 7 21.40 
28 27.10 
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chemical reaction between Portland cement and pozzolan cement. It can 
be proved by the previous research (Nassar, 2006) that the higher strength 
of pozzolan cement was obtained after 28 days. 
 
 
 
 
Figure 4: Similarity chemical reaction between Portland cement and pozzolan 
cement. 
 
3.3  SPLITTING TENSILE STRENGTH 
Splitting tensile test was carried out to obtain the tensile strength of cylinder 
with different percentage of GDPC. Table 3 and Figure 5 attests the result of 
tensile strength for 7 and 28 days. 
 
Table 3: Splitting tensile in concrete (MPa). 
Percentage of 
GDPC (%) 
Age 
Tensile Strength 
(MPa) 
0 
7 2.77 
28 2.85 
10 
7 2.21 
28 2.44 
20 
7 1.75 
28 2.21 
40 
7 1.72 
28 1.78 
 
 
 
 
 
 
 
 
Figure 5: Tensile strength development in concrete 
 
 
Portland cement    Pozzolan cement 
C3S + aq.    C-S-H + CH                Pozzolan + CH + aq C-S-H 
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Figure 5 shows the tensile strength of cylinder and percentage of GDPC on 
7 and 28 days. Control sample (0%) show the highest strength compared 
with other three samples. From the curve of 7 and 28 days prove that the 
highest value on control sample was 2.77 MPa and 2.85 MPa respectively. 
On the other hand strength of 10%, 20% and 40% of GDPC dropped 
drastically for 7 days, yet samples 20% and 40% of GDPC for 28 days depicts 
the strength almost remained unchanged. The replacement of GDPC in 
concrete not give a better results for tensile strength probably due to the 
pozzolan had a minimum strength activity due to splitting tensile test.  
 Based on Table 2, the chemical content between GD and cement 
had largest difference of parameter for major ingredient which is lime (CaO) 
and silica (SiO2). The function of lime in excess makes the cement unsound 
and causes the cement to expand and disintegrate. On the other hand, if 
lime is in deficiency, the strength of cement decreases and it causes cement 
to set quickly. Silica also an important ingredient’ of cement and it gives or 
imparts strength to the cement due to the formation of dicalcium (C2S) and 
tricalcium (C3S) silicates. If silica is present in excess quantity, the strength of 
cement increases. 
 
3.4  40% OF GDPC + 2% OF STEEL FIBER AS AN ADDITIVE 
As an additive material, steel fiber was used to increase the strength of the 
specimens. The percent that used was is 40% of GDPC. Table 4 and Figure 6 
shows the result of tensile strength for 28 days. While Table 5 and Figure 7 
illustrate the outcome of compressive strength for 28 days. 
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Table 4: Additive in concrete (tensile). 
 
 
 
 
 
 
 
 
 
 
Table 5: Additive in concrete (compression). 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 6: Tensile + additive strength. 
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Figure 7: Compressive + additive strength. 
 
Figure 6 and Figure 7 depicts that compressive and tensile strength between 
control samples and 40% of GDPC with additive. These results prove that 
control samples recorded the highest strength while 40% of GDPC + 2% of SF 
recorded the lowest. Comparatively, 10%, 20% and 40% of GDPC recorded 
highest than 40% of GDPC + 2% of SF.  These verify that mix design between 
glass and steel fiber to achieve the compressive strength was not obtained 
a better result probably due to the physical properties of steel fiber which is 
steel fiber support reaction from the tension force. It can be summarized that 
the design mix between GD and SF was not obtained a better result. It was 
due to the physical properties of steel fiber, further the SF is good in tensile 
force.  These proved that GD and steel fiber combination could not reach 
the higher tensile strength. 
 
4.0  CONCLUSION 
The results that obtained for this research can be concise that the objective 
was succeeded accomplish. The main objective which are to determine the 
optimum percentage of GDPC for the concrete mix, to investigate the 
compressive strength and tensile strength of concrete with GDPC and to 
improve the strength of the concrete with GDPC by using the steel fiber. 
Conclusion can be summarized as the following: 
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i) From the XRF test result the highest chemical content is silica oxide. 
 These prove that, glass dust is a one of the siliceous material which is 
 pozzolan. From the discussion before, the first objective is to determine 
 the optimum percentage of GDPC for the concrete mix. From the 
 analysis prove that the optimum percentage is 10% of GDPC to 
 achieve the glass dust as a partial cement replacement. 
ii) The second objective is to investigate the compressive strength and 
 tensile strength of concrete with GDPC. From the analysis shows that 
 cube containing 10% of GDPC give the maximum compressive 
 strength compare to other percentage. While cylinder containing 
 GDPC shows the value of strength but still not achieve the actual 
 strength of the control sample. 
iii) The last objective is to improve the strength of the concrete with 
 GDPC by using the steel fiber. The results shows that concrete 
 containing GDPC + steel fiber from the compressive strength and  
 tensile strength is lowest than concrete containing GDPC. Thus, steel 
 fiber will be irresolute when mix with GDPC as an additive. 
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